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TECHNICAL NOTE 2878 

COMBINED EFFECT OF DAMPING SCREENS AND STREAM 
CONVERGENCE ON TURBULENCE 
By Maurice Tucker 


SUMMARY 

An analysis is presented of the combined effect of a series of 
damping screens followed "by an axisymmetric -stream convergence (or diver- 
gence) upon the mean-square fluctuation- velocity intensities, scales, 
correlations, and one -dimensional spectra of a turbulence field con- 
vected hy a main stream. The treatment is restricted to negligible tur- 
bulence decay and linearized hy postulating small fluctuation velocities 
and velocity gradients, and absence of viscosity except as simulated by 
the idealized screen action. Compressibility of the main stream is 
allowed for during passage through the contracting section. The density 
fluctuations associated with the turbulence field are regarded as 
negligible. 

Numerical results far the statistical quantities describing the 
turbulence field downstream of a screen-contraction configuration are 
obtained for the case of upstream isotropic turbulence. The action of 
the damping screens and the stream convergence is to distort this ini- 
tially isotropic field into a field of turbulence symmetric about the 
longitudinal direction with the lateral fluctuation velocities greater 
in magnitude than the longitudinal velocities. 

An approximate method of taking into account the effects of tur- 
bulence decay upon the mean-square fluctuation velocities obtained for 
the case of negligible decay is presented. This method of correction 
together with the tabulation of fluctuation-velocity ratios over an 
extensive range of conditions should prove useful for engineering 
applications . 


INTRODUCTION 


The 
settling 
attain a 


use of fine-mesh or damping screens located in a low-speed 
chamber followed by a contracting passage (entrance cone) to 
low-turbulence test-section flow is well known from the 
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qualitative standpoint- DrytLen and Schubauer (reference l) have pre- 
sented experimental data regar ding the combined effect of screens and a 
contraction on the intensity of turbulence. Existing theoretical studies 
are confined to either the effect of the screens or of the stream con- 
traction on turbulence. Taylor and Batchelor (reference 2) have obtained 
the effect of a damping screen located in a constant-area passage upon 
a triple Fourier integral representation of a turbulent field. The 
effect of a contraction upon a similar representation is analyzed in 
reference 3. In both references 2 and 3 initial isotropy is postulated 
in order to obtain numerical results. 

The analyses of references 2 and 3 indicate that in the absence of 
decay effects (dissipation and mixin g) an initially isotropic turbulence 
field -will be distorted into a field of turbulence axisymmetrie about 
the mean flow direction upon passage through either a damping screen or 
an a/xi symmetric contraction (contraction with all cross sections simi- 
lar) • An analysis of axisymmetrie turbulence is given in reference 4. 

In conventional wind-tunnel configurations, turbulence that is initially 
isotropic will thus have been distorted into axisymmetrie turbulence 
after passage through the first of the several damping screens and will 
remain axisymmetrie while traversing the remaining screens and the fol- 
lowing contraction. Inasmuch as the expressions obtained in reference 3 
for the downstream mean-square velocity fluctuations require that the 
turbulence upstream of the contraction be isotropic) the results of ref- 
erences 2 and 3 cannot be combined in any simple manner to obtain the 
joint effect of screens and a contraction on turbulence that is ini- 
tially isotropic. 

The present analysis treats the combined effect of a series of N 
(symbols are defined in appendix A) identical damping screens and a 
downstream axisymmetrie contraction upon the longitudinal and lateral 
turbulence velocity fluctuations, scales, correlations, and spectra of 
a turbulence field described by a triple Fourier integral. The config- 
uration is shown schematically in figure 1- Although compressibility 
of the main stream is allowed for during passage through the contraction, 
the density fluctuations associated with the turbulence are regarded as 
negligible. The assumption of small turbulent velocity fluctuations and 
'velocity gradients together with the postulated absence of viscosity, as 
in references 2 and 3, implies the absence of turbulent decay processes 
and linearizes the governing equations for both the screen and con- 
traction effects. 

After a discussion of the spectrum concepts used in the present 
analysis, the preliminary portions of the analysis which borrow from the 
results of references 2 and 3 are concerned with the effect of a screen 
n.p ri of a stream contraction upon a representative wave or Fourier com- 
ponent. Briefly, the screen affects only the amplitude vector of the 
wave; the contraction acts to change both the amplitude and wave-number 
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vectors- In view of the linearized analysis and the resulting absence 
of modulation or mutual interference between the array of plane waves 
making up a field of turbulence, the correlation tensor is developed 
from the results obtained for a typical wave- The spectral tensor is 
obtained as the Fourier transform of the correlation tensor. Turbulence 
velocity and scale ratios obtained from the spectral densities (diagonal 
components of the spectral tensor) are then given in tabular form for 
the condition of upstream isotropic turbulence. The one -dimensional 
spectra and the correlation-coefficient curves for a special case of 
upstream isotropic turbulence are also determ in ed. An approximation for 
taking into account decay effects is suggested. This investigation was 
conducted at the MCA Lewis laboratory. 


AMLYSIS FOR NEGLIGIBLE DECAY 

Spectral Representation of Turbulence 

Turbulence is often regarded as an assembly of eddies of randomly 
varying size and intensity. The present analysis treats the turbulent 
field as a spectrum of plane sinusoidal waves with all possible wave- 
lengths , wave-front orientations, and phases. This superposition provides 
the necessary three-dimensional character to the turbulence representa- 
tion. Large eddies thus are represented by waves of large wavelength 
(small wave number). The fluctuation-velocity components q^.(r = 1, 2, 3) 

are represented at a given instant by the triple Fourier integral 

<» 

ik'X 

Qy.(k)e dk- L dk 2 'Tt3 (l) 

— 00 

where x is a position vector, Qy a wave -amplitude vector (reference 3), 
and k a wave -number vector normal to the wave front. In order that 
the wave amplitude vector Qy be finite, the field of turbulence 
described by equation (l) is assumed to occupy a bounded region and to 
vanish everywhere outside this region. For the case treated herein in 
which the fluctuation components are related by the incompressible-flow 
form of the continuity equation 

22 w = 0 (2) 

r 

the plane waves of equation (l) acre transverse. In the summation of 
equation (2) the index y covers the range of values 1, 2, 3. 
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In order to ot>tain the spectral tensor and, in turn, the mean- 
square velocity fluctuations, it will he convenient to discuss first the 
correlation tensor and indicate its relation with the spectral tensor. 
The correlation tensor Rj-g(r) is defined as the spatial mean value of 
the product of the velocity component q^- at x and the velocity com- 
ponent qg' at x' = x + r as x varies and the separation vector r 
of the two points remains fixed during the averaging. If it is assumed 
that the field of turbulence is homogeneous and statistically steady 
and that the field is confined to a parallelepiped of edges 2D^, 2D£, 


2D3 and vanishes everywhere outside, the space average is derived in 
reference 3 as 

CO 


Th 


(r) = lim 
v — 7 r ->oo 



8it 


-ik*r 




where Qg*(k) is the complex conjugate of Qg(k) and T 


8n- 


is the volume 

* , 


8D-jt>2% of "the parallelepiped. The expression < l±m — Qy-(k)Qg (k) 
is equivalent to the spectral tensor Fy5(k) defined in reference 5 as 
the Fourier transform of the correlation tensor E^.g(r) 


^8(1) = 



r r8(^) e " 1 ““ ^l^^S 


or 


3 

r r 6 (k) . t um 2 i_ 0 (3) 

A knowledge of the spectral tensor permits, as will he shown, determi- 
nation of the various statistical quantities describing a turbulence 
field. Equation ( 3 ), which relates the spectral tensor to the wave- 
amplitude vector obtained for a typical Fourier component in the absence 
of any mod ula tion effects, is thus basic to the present analysis. 

For isotropic homogeneous turbulence fields wherein the incompress- 
ible flow form of the continuity equation is satisfied, Batchelor (ref- 
erence 5) has shown that the spectral tensor can be written 

r r5 (B - gw (A r8 - y%) 

where k 2 = ky 2 + kg 2 + k 3 2 , 8 r g = 1 for r = 6, and S r5 = 0 for 

r ^ 8. 


( 4 a) 
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In matrix form 



.2 1 2 
k 2 + k 3 

-*1*2 

" k l k 5 

r r s0 - G(k) 

-*1*2 

*1 2 + *3 2 

-*2*3 


-*1*3 

~*2*3 

V +k 2 : 


(4b) 


It is clear from the definition of the correlation tensor that for 
r = 0 the diagonal elements of the tensor yield the mean-square velocity 
fluctuations. In terms of the corresponding elements of the spectral 
tensor (energy spectral densities) 

ca 



— CD 


(5) 


The mean-square velocity fluctuations of equation (5) refer to 
spatial averages. Hot-wire instrumentation used to obtain these fluc- 
tuations however ^ provides only time averages. Taylor (reference 6) 
was able to show that the spectrum of the velocity fluctuations in time 
is the Fourier transform of the spatial correlation function. Taylor's 
hypothesis (reference 7) that the main stream carries along the pattern 
of a weak field of turbulence unchanged past the point of measurement 
permits analysis of the hot-wire output signal in the farm of a one- 
dimensional spectrum defined in the equivalent of spatial terms- The 
relation between the one -dimensional spectral densities F^ and the 
three-dimensional spectral densities 1^. is easily shown by writing 
equation (5) as 




r rr(*) aWs 


dk]_ s 



(6) 


The various statistical quantities which characterize a field of 
turbulence may be obtained from the one -dimensional spectral densities 


as- discussed in reference 8. Noting that 
the correlation coefficients are given by 


o 



F r (k 1 ) dk-L 


1 , 


V 1 !) ~ 


Eyr^l' 0 ' 0 ) 





Fy(k 1 ) 


cos k^r-^ 3k]_ 


(7) 
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The Fourier -transform relations yield 


F r (k 1 ) 



cos k^r-^ dr-j_ 


( 8 ) 


Two sets of characteristic lengths are customarily defined for a tur- 
bulence field- The turbulence microscales (mean lengths weighted 

in favor of the small eddies which are responsible for the greater part 
of the viscous dissipation) are given by 









0 ) 


The turbulence scales Ly (mean lengths representative of the average 
size of all the eddies) are obtained as 



( 10 ) 


This physical mpanlng for the scale of turbulence is only applicable 
when Ry. > 0 as r-^-^-oo. 


P lane -Wave Analysis for Damping Screens 

The preceding equations indicate that the statistical quantities 
describing a field of turbulence may be obtained from the spectral 
tensor of equation (3), which is presented in terms of the plane-wave 
amplitude vectors Qy(k) . The assumptions of small turbulent velocity 
fluctuations and of inviscid flow, with regard to both the main stream 
an d the turbulence field convected by the main stream, linearize the 
equations which govern the action of the screens and of the contraction- 
In the result ing absence of any modulation or interaction effects 
between waves, the analysis is simplified by first treating the effect 
of a screen and a stream convergence (or divergence) upon a represent- 
ative plane wave. Superposition is then used to obtain the combination 
of t he se effects upon the complete assembly of plane waves which 
describes the turbulent field. 

The action of a fine -mesh or damping screen on a disturbance con- 
vected by a low-speed uniform stream may be characterized by two param- 
eters K and a- The parameter K is defined in terms of the pres- 
sure drop AP required to drive fluid of density p and velocity U 
through the screen 
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The parameter a -which takes into account the side force per unit area 
was introduced by Taylor in reference 9 and relates the angles of flow 
incidence and flow emergence ^ shown in figure 2. It has been 

shown experimentally that the ratio tan \|r 2 /tan tends to a finite 

limit a as which is usually very small, tends toward zero. For 

incompressible flow the continuity equation requires that the longitu- 
dinal velocity component be unchanged after passage through the screen. 
From kinematical considerations, at the screen the ratio of downstream 
to upstream lateral velocity components equals a for smal l values of 
the flovr incidence angle 

As in reference 2 the uniform stream is regarded as incompressible 
and inviscid throughout the constant-area settling chamber in which the 
screens are located (station A to station B of fig. l) . A screen will, 
in general, decrease turbulent motions of larger scale than the mesh 
size and introduce turbulence of smaller scale. In the analysis the 
damping screens are assumed not to generate any wake turbulence, which 
implies that the screen mesh size and wire diameter are very small rel- 
ative to the scale of the upstream turbulence. Far upstream of the 
screen, at station A, a single plane wave carried along by the ma-in 
stream of velocity U in the x^ -direction will be designated 



Coordinate axes are fixed, with the origin located at the screen and the 
positive x^-axis pointing downstream. It is shown in reference 2 on the 
basis of a steady-state disturbance analysis that far downstream of the 
screen, at station B, the wave is transformed to 

-kqUt) 



In order to satisfy conditions at the screen, it is necessary to postu- 
late disturbance fields upstream and downstream of the screen which are 
induced by the screen. These disturbance fields attenuate, vanishing 
at stations A and B. Taylor and Batchelor represent these induced 
velocities in terms of potential flows. With the velocity components 
u, v, w of figure 2 designating the combined effect of the turbulent 
velocity fluctuations and the induced velocities, the following condi- 
tions are imposed at the screen (x]_ = 0) 


(u) 


B 

x-|_=0 


(u) 


Xj=0 
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The root-mean-square fluctuation velocities are taken to he small rela- 
tive to the stream velocity so that the equations of motion can he 
lin earized. A further condition is imposed that the local pressure drop 
across the screen is deter min ed hy the local longitud in al velocity and the 
screen pressure-drop coefficient K. The basic relations describing 
this idealized action of a damping screen on a representative plane wave 
are then obtained in reference 2 as 


~B * A (p+i)(2op-iv) 
Q 1 - Q 1 0-i)(2p + ip) 




+ 




B(a-l) 2 + i(y -cm) 
L 0-i)(28+ip) 



~ A 
oQ 3 




(p-i)(2p+ip) 


(11a) 

(Hb) 


(He) 


where 


i 2 = k 2 2 + k3 2 , p 


2 = k l 2 


p = ( 14CC.+K) , and V = ( 1-tco-ctK) 


Plane-Wave Analysis for Contraction Section 

The main stream will be regarded as compressible and inviscid 
throughout the contraction section (station B to station C of fig. l) • 

In the case of supersonic test-section flow, the term "contraction" is 
retained for convenience. As before, the turbulent field is taken to be 
incompressible and inviscid. The contraction section has its initial 
breadth and height reduced by the factors 7g and Z 3 , respectively, 

while the velocity U(xq) at station B is increased to 2]TJ(xp) at 

station C. A cubical fluid volume element of edge D at station B will 
have been distorted into a parallelepiped of edges ZpD, ZgD, D upon 

reac hing station C (fig. 3) • The effect of a contraction upon a tur- 
bulent field arises principally from changes in vorticity following 
such distortion of the fluid elements passing through the contraction. 

At station B (time t=0) in figure 3, a particle at distance x 
from a corner particle of a given fluid element will at station C 
(time t=t) be at a distance X from the corner particle. The coordi- 
nate axes are taken to move with the main stream at velocity U(xp) . 

With the assumption of a weak turbulence field, the relative displace- 
ment of adjacent particles in a given fluid element due to turbulent 
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mixing is taken to tie very much, smaller than the displacement due to the 
contraction. The relation between x and ^ is then simply 

Xy = lyJy ( 12 ) 

With equation (12) the continuity equation for the main stream in 
Lagrangean form provides the relation 

aZ l 2 2 2 3 = 1 (13) 

where a is the ratio of stream density at station C to stream density 
at station B. The product re P reseD l ;s the ratio of tunnel cross- 

sectional area at station C to tunnel area at station B. The parameter 
7-^ represents the speed ratio referred to these stations. 

The equations describing the changes in vorticity following dis- 
tortion of a fluid element are, from reference 9: 



Use of equation (12) linearizes these equations relating the upstream 
and downstream vorticities to 


oy C = oZ-yOy 6 (14) 

Upstream of the contraction at station B, a single plane wave being 
carried along by the main stream is designated at time t = 0 by 


-V s “ V 


B 


e^‘— 


(15) 


The vorticity at station B is obtained from the curl of equation (15). 
A velocity distribution at station C compatible with equation (14) and 
satisfying continuity, equation (2), is obtained in reference 3 as 


. Y e iK-2 


where the wave -amplitude vector is 


q C = qB _ 


VVr 

iJ-K 2 


(16) 
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and where the new wave-number vector K resulting from distortion of 
the fluid volume element is given by 


- l ± } l z > z 3 


(17) 


Thus both the wave -number and wave -amplitude vectors of a plane wave are 
altered in going through a contraction, whereas only the amplitude vec- 
tor is altered in traversing a screen. 


Equations (16) and (17) describe the effect of an arbitrary con- 
traction on a representative plane wave. For an axi symmetric contrac- 
tion defined hy the condition Zg = Z 3 (all cross sections are similar 

hut not necessarily circul a r) , equation (16) with the aid of equation (2) 
simplifies, in expanded form, to 




Q x B k x 2 + £2 
l l ek -] 2 + £ 2 


1 

*2 


Qig + 


eki 2 + i 2 




Ql^kgd-e) 

ek-j 2 + £ 2 


(18a) 

(18b) 


(18c) 


2 / 2 

where e 2 Jr, /Z^ . For an axisymmetric contraction, the contraction 
parameters Z^, Zg, and e may he expressed in terms of the Mach num- 
bers at stations B and C as follows: 



( 19 ) 
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Spectral Tensors for Multiple-Screen-Contraction Configurations 

Equations (ll) and (18) describe the effect of a screen and an 
axisymmetric contraction ( , respectively, upon the amplitude 

vector of a single plane wave typical of the assembly of waves 

representing the turbulence field (equation (l)). In the Fourier inte- 
gral q^. corresponds to - dq^., q^Qs) to dk 1 dk 2 dk 3 , and to 

Qy- dK 1 dK 2 dK 3 . Since at station C (fig. l) the distortion resulting from 

the contraction transforms the wave -number vector from k to It and 
that for axisymmetry (Bc-jdb^a^ = Z ] _Z 2 2 dt^dKgd^, equations (ll) and 
(18) yield 


n B _ „ A (p+i)(2ap-iv) 

Q i - Q i m-i)(2e-nn) 


Q, B = <V + 1 - 1 N k 2 fM. a-1) 2 4- 

2 ^ t 2 L 0-l)(2p+ln) J 


Q 3 = aQ 3 + _ 2 


P 


B _ A , iQ l fp(a-l) 2 + i(v-au) 

J 


O-i) (2P+ip) 


„ C 2_ B 

Ql = Z2 Ql 


+ i c 


,eki 2 + f 


q 2 


% 


1 ± l 2 


1 i i 2 


B Qi^kikgtl-e) 


Qg + 


eki + t 

Bt 


Q- 


5 + ^i 2 + 5 2 J 


(20a) 

(20b) 

(20c) 

(20d) 

(20e) 

(20f) 


If the fluid element volume T is taken to be a cube of edge D 
at station A, and hence at station B, the volume will have been dis- 
torted into a parallelepiped of edges IjD, ZgD, Z 2 D at station C for 

an axisymmetric contraction. The energy spectral densities which enter 
directly into the calculation of turbulence fluctuation velocities are 
obtained from equation (3) as 


tfWWf’ 15 ■ D “j. [VfVii)] A ’ B 


(21a) 



12 


HACA TW 2878 


[r^jf = D llm - (21®) 

X 2 

With the products Q^Oy* from equations (20) formed and with the use of 
equations (21) and the continuity relations Qpky = 0 and Qy*ky = 
the energy spectral densities may he written as: 


, b w r V ) 

ii ~ \ 4ti +p 2 r j ii 


(22a) 


[j 1 22 ^ + *33^-}] “ a |jW-) + *33 ^-1. + 


A (V 2 - g. 2 p 2 )% 2 p A 


.. u u b 

4ki + n ^ 


2 k 2 11 ^ 


2 „2 \2 


r n ° ( 5> r iiV> 


(22b) 

(22c) 


'1 


[r 22 (jc) + r^f ] 0 - *J[t 22 Qe) + i^ 3 (k)] b + 


k-, 2 (l-e) 2 S 2 - 2k t z (l-e)(eki z +S 2 ) 


2^2\ 


, , 2 ,.2>2 

( e*i +£ ) 


r B (k)) 

11 - ' 


(22d) 


With the use of equations (22a) and (22c), the longitudinal energy spec- 
tral density at station C for W screens in series followed by an 
axisymmetric contraction may be expressed in terms of the spectral den- 
sity at station A as 



z 2 2 V 
*i W - K 2 / 


'4a 2 kl 2 + V 2 C 2 Y 

ik^+n 2 ^ 2 / 



(23) 


For conciseness, equations (22a), (22b), and (22d) may be written as 
H-y 6 = AE A , V-,® = a 2 V 1 A + Zi^, and V] 0 = ZyVy® + l-fl 1%®, respectively. 
Then for N screens in series, H^® = AE®^ = A N H A , V^® = 0' 2 V^_ 1 + 2H®_ 1 , 
and V N C = ZpVjj' 8 + 2-^% * The lateral energy spectral densities at 

station C for N screens in series followed by an axisymmetric con- 
traction may then be grouped as 


f 22 c w + fe c w] K = 


+ 


+ 


N-l 


i 1 j> 8 -a. 2 ii 2 )k 1 2 

ttjVs 2 L 


(i-cR 2 ! 

eki 2 -g^ 


4a 2 k 1 2 +t> 2 ^ 

4k 1 2 + t i 2 £; 2 


IJ-1 



( 24 ) 
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Equations (23) and (24) relate the energy spectral densities downstream 
of a multiple-screen-axisymmetric-contraction configuration to the cor- 
responding upstream spectral densities at station A. 


Results for Negligible Decay 

The solutions to he given (see appendixes B and C) will now he 
restricted to the case of isotropic upstream turbulence. The upstream 
energy spectral densities IV~. (k) may then he obtained from equa- 
tions (4) • 


Turbulence velocity ratios ■ - As shown in appendix B, the turbulence 
velocity ratio or ratio of mean-square fluctuation velocities downstream 
of a series of N identical screens followed by an axisymmetric con- 
traction to the corresponding upstream fluctuation velocities is given 
for initially isotropic turbulence by 


(h 2 )n 3a 4 f 

(5 ? ) A ' Jo 

PH* = Ps )h a 2 3(a 2 -l) 2 (v 2 -<L 2 n 2 ) P* sin 5 8 cos 2 9 d6 

P?/ ^??) A 8I 2 2 J 0 U cob 2 ** 2 sin 2 0) (a 2 -cos 2 0) 2 


N 3 

A sin° © d© 

/ 2 2 fll .2 
(a - cos ©) 


(25) 


where 



and 


A = 


4a. 2 cos 2 © + V 2 sin 2 © 
4 cos 2 © + p 2 sin 2 © 


A convenient approximation for equation (26) is presented later (see 
equation (39)). 


For N = 1, equation (25) for the longitudinal turbulence velocity 
ratio integrates to 



3a 4 rj 2 V 2 

(a 2 -ri 2 ) (| 2 -a 2 ) 

4Z-L 2 p 2 | 2 (a 2 -T] 2 ) 2 

L a 2 



where 


pH » 2 


V 2 -4a 2 


iSJEj 
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|JL -4 


A-j_ = a 2 (a 2 +l) + T] 2 (l-3a 2 ) + 


2 ^a 2 -l ) 2 + (a 2 +l) ( t) 2 — l)J 


A 2 = 2(t| 2 -1) (t] 2 -| 2 ) 

Equation (26) for the lateral velocity ratio (see appendix B) 
integrates for N = 1 to 


= 2^ + — V ? -■ ? ■■■ ? B l + b 2 ( “ tamT 1 - B 3 ( “ tenlT 1 

^2jA % Z 8,^2 L 1 2 \ a 3 Vn VJ 


BiH (e 2 -il 2 )(2-3Ti 2 ) + 6(| 2 -t] 2 ) - 2 + 

2^ 

Bo — 3 ^ 2 [ &2 ( Bt 1 2 -a 2 ) - | 2 (a 2 +r] 2 )j 

2 (a 2 -ri 2 ) 2 - 1 


5(a 2 -l)(a 2 -£ 2 ) 

(a 2 -t! 2 ) 


(4-q 


= 5(ri 2 -l)(e 2 -T] 2 ) P (4 2) _ *(a*-T) 2 ) 

B 3- 2 (a 2 -T] 2 ) 2 _l 


2\ 4(a 4 -T] 2 ) 

' " (a 2 -, 2 ) 2 . 


For the case of axisymmetric contraction with the screen absent 
(a 2 =l, K->0), equations (27) and (28) reduce, respectively, to 


(Mo Mo 3a 2 r 2 (1 

M 5 ' W" «x*L 


tanbf 


C / — _\C 

, 0 , y 2 (° = — - — [(a 2 +l) - (a 2 -l fll taalT 1 i\ 

(o-A k (V ) 3 8 l 2 2 L V* a /J 
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which, in the present notation, are identical with the corresponding 
results of reference 3- Similarly, for the case of a screen and no 
contraction (a 2 -^®*), the results of reference 2 are recovered in the 
form 




- 1 + 


3(i-t] 2 )£l - (n 2 -? 2 )(| tanh" 1 ^ | 



Punched-card equipment was used to obtain the turbulence -velocity 
ratios listed in table I. For the cases N = 2, 3, and 4, the integra- 
tions required for equations (25) and (26) were performed numerically 
by use of Simpson's rule after changing the variable of integration 
from 0 to x by applying the transformation x = cos 0. Intervals 
Ax = 0.01 were used in the range 0 ^ x ^ 0.9; intervals Ax = 0.001 
were used in the range 0.9 x 1.0. In~all computations the Mach 
number Mg upstream of the contraction was taken equal to 0-05. The 
turbulence velocity ratios listed in table I may be corrected for values 
of Mg other than 0.05 as follows: Values of the parameters , 

Z2 2 j and a 2 = rj— £ for = 0.05 and for the desired value of Mg 


are obtained from equations 
\C I o ^C 


N 


and 


m 


(19). Noting that the quantities 


of these quantities for the 
obtained from table I- With 7-^ and kao™ for Mg = 0.05 and 

the desired Mg, the corrected velocity ratios are obtained by simple 
computation. The following empirical relations (reference l) were 
utilized in obtaining numerical results : 


depend only upon or and K, the values 


a2 corresponding to the desired Mg are 


“ 2 = (f sj f ° r KS1 

“ 2 3 (iir) fOT K>1 


For design purposes, the screen pressure-drop coefficient K may 
be estimated; according to reference 10, from the solidity ratio b, 
where b is the area of the holes in a unit area of screen, as 


H | pr 
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For square -mesh screen with wire diameter d and mesh designation m, 
the solidity ratio as defined is 

b = (1-md) 2 

A better agreement with the screen data given in reference 1 is obtained 
from 

b ~ (1-md) 7 / 4 

The variation of the longitu dina l and lateral root-mean-square 
velocity ratio with speed ratio 2p for a single screen (N=l) upstream 
of the contraction is plotted in figures 4(a) and 4(b) , respectively, 
for selected values of the screen pressure-drop coefficient K. The 
results for K = 0, which correspond to the case of stream convergence 
or divergence in the absence of any screen, are, of course, identical 
with the results of reference 3- In general, both the longitudinal and 
the lateral fluctuation velocities downstream of the screen-contraction 
configuration are reduced as the screen parameter K is increased. The 
somewhat anomalous trend of the longitudinal velocity ratios for values 
of the speed ratio less than .2 seems to reflect the variation of the 
auxiliary screen parameter -which approaches zero at K = 2.76, 

becomes infinitely large in the negative sense as K increases to 5.28, 
and becomes infinitely large in the positive sense as K decreases to 
5.28. 


The losses incurred through the use of damping screens are propor- 
tional to the product MU A 3 , where N denotes the number of identical 
screens in series (multiple screens) and NK is the over -all screen 
pressure-drop coefficient. The velocity ratios for a multiple-screen 
arrangement upstream of a contraction are compared on the basis of equal 
screen losses in figure 5 for the particular case HK = 6. The advan- 
tages of using a number of screens in series to attain a given over -all 
coefficient WK are obvious. An examination of table I indicates that 
the use of multiple screens to attenuate the downstream fluctuation 
velocities becomes more effective as the over -all coefficient MK is 
increased. The screen losses can be reduced by decreasing the settling- 
chamber stream velocity U^. Low-turbulence wind tunnels are generally 
characterized by their many damping screens and large -cross -sectional- 
area settling chambers. 

One-dimensional spectra . - In accordance with equation (6), the 
one -dimensional spectra at stations A and B are given by 
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oo 


r 


-*ST' 


r rr A (k) dkgdkg 


(29) 


— 00 


and 


00 

p 


^yt (il) dl^dkg 

“OO 

As pointed out in reference 3, a comparison of the upstream and down- 
stream spectra on the basis of the upstream longitudinal wave number kq 
is equivalent to a comparison of the time spectra indicated by fixed 
hot-wire probes located at the corresponding stations. Defining the 


downstream spectra 

f o *y C(k i) = 

station C are given by 



such that 


the one -dimensional spectra at 


&r C(k i>] N - 



l l*2 


C ( k l *2 k 3 ' 


rr 


N 


dfcpdk^ 


(30) 


Evaluation of equations (29) and (30) requires that the amplitude func- 
tion G(k) in equation (4) be specified. Compatible with the empirical 
relation for isotropic turbulence obtained in reference 8, this function 
is taken to be 


G(k) 


H 

(kq 2 +n 2 +| 2 ) 3 


where the constants n and H are defined as n 



(l*q) 


A 


and 


(31) 


As shown in appendix C, the one-dimensional spectra obtained from 
equations (4) and (31) may be expressed in terms of a dimensionless wave 
number kq/n as incorporated in the following parameters: 


s = 1 + kq 2 /n 2 
f s s/t ] 2 + 4/p 2 
g = s/| 2 + 4cc, 2 /v 2 



a 


( 32 ) 
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Thus the upstream one -dimensional spectra for this special case of 
isotropic turbulence are, in dimensionless form. 


FjVi/n) x 

A , , s 

F x (0) 

f/UiAi) _ 5a . 2 

F 2 A (0) s 2 


(33) 


(34) 


Also, the longitudinal one -dimensional spectrum downstream of a s ingle - 
screen-axisymmetric-contraetion configuration may "be -written (see 
appendix C) in dimensionless form as 


F l C ( k l/ n ) 2V Z L . ~ s+h . „ 4(s-l) 


Fl A (0) 


2v n 

22 G 1 + G 2 log e s + G 3 l0 ®e 2 
ip h L n s j 


(35) 


where 


„ = 1 g(2f-h) , gh h( 1+2 g) 

. (l+h)V 

2/ .2 . 2 N 2 
a (v -4a ) — 1? 

°1 h 3] f 2 2fs f 

U 2 

_a 2 (p. 2 -4) - |_l 2 _ 


Go s 


iL 


h 2 [a 2 (n 2 -4) _ ^J| h 2 


f 3sg + g(s+2) + 2s + ± _ h _ u 2 (s+h) (g+h) 


h(a 2 (p 2 -4) - p 2 ] j 


_ (s-f)(f-g)(u 2 -4) 2 a 4 

3 = t*kV-o - * 2 J 2 


C*Z 


The correspon ding lateral one-dimensional spectrum is 
C 


F 2 ( k l/ n ) _ 2 ( s -l) 

f 2 a (o) l 2 2 


E 1 + E 2 + E 3 loE e 


L 


(36) 


where 
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a 2 (5s -2) (v 2 ^x 2 n 2 )(2s-f) 2V^_ fg(h-f) g ~] 

1 2s 2 ( s-l) 2p 2 f 2 s a 2 fhL a ~ 2s - 


_D 2 

P ( c-Lh^ < 

f (g+h) -g(h-f) p 2 a 2 (v 2 -4a 2 ) -u 2 _ 

1 , 2h(g-f)-fg 

2a^(i 2 h 

C - 1 ^ D“il J ' 

f 2 h 2 V 2 h 2 [a 2 (p 2 -4)-p 2 

| f 2 h 


= (s+h)Ca 2 (v 2 -4a 2 ) - P 2 ] J 5s+h 4(a 2 -l) (p 2 -a, 2 p 2 )h 

a 2 h^ [a 2 ( p 2 -4 ) - p 2 ^ j a2 [a 2 (^ 2 -4=) - p^[a 2 (v 2 -4a. 2 ) - V 2 ]] 



4(s-l) (l? 2 -a 2 p 2 ) 

H 4 * 5 




The one-dimensional spectra given "by equations (33) to (36) are 
applicable when the amplitude function G(k) . has the particular form of 
equation (31) • Although these spectra are hot expected to "be valid for 
the very high wave numbers because of the neglect of viscosity, various 
experiments on isotropic turbulence have indi cated that equations (33) 
and (34) provide a very good approximation to that portion of the actual 
isotropic spectrum containing the largest part of the turbulent energy. 
Equations (35) and (36) should furnish a similar approximation for 
axisymmetric turbulence. The restrictions given for equations (33) to 
(36) do not apply to the expressions for turbulence velocity ratios, 
equations (25) and (26), for which there is no need to particularize the 
spectrum amplitude function G(k) . 


The downstream longitudinal and lateral one -dimensional spectra, 
equations (35) and (36), are compared with the corresponding upstream 
isotropic spectra, equations (33) and (34), in figures 6(a) and 6(b), 
respectively, for the following typical case: Mg = 0.05, Mq = 2.0, 

K = 2, N = 1. The case K = 0, as obtained in reference 3, has also 
been included for comparison. The scaling factors indicated by equa- 
tions (B5) and (B6) of appendix B have been incorporated in the down- 
stream spectral ordinates so that the zero -wave -number intercept gives 
the turbulence scale ratio (appendix B) . 


The distortion in shape of the longitudinal spectrum noted in ref- 
erence 3 as a consequence of the stream convergence is accentuated 
(fig. 6(a)) by the presence of a damping screen upstream of the contrac- 
tion. This distortion is accompanied by a reduction in the ordinate 


values by the factors 


Ul 2 ) / ('ll 2 ) 8114 



for K = 2 


and K = 0, respectively. The downstream lateral spectrum ordinates 
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are Increased by the factors 
B 




and 


for K = 2 and K = 0, respectively. The distortion in 
shape is relatively slight compared with the distortion noted for the 
longitudinal spectrum. 


As may be seen from equations (33) and (34) for the upstream iso- 
tropic spectra, the longitu dina l and lateral spectral ordinates have 
maximum values at k-j_/n = 0 and k-]_/n = l/ a/ 3, respectively. The 

situation is reversed for the downstream spectra. Here the lateral 
spectral ordinates have maxi mi rm values at k]_/n = 0 and the longitu- 
dinal spectral ordinates at k^/nJS 1.4. Occurrence of a peak in the 

spectrum curve at some wave n umb er other than zero is an indication 
that the correlation coefficient my take on negative values. 1 


Scale ratios and correlation coefficients . - For the scales of tur- 
bulence defined by equation (10), the longitudinal and lateral turbulence 
scale ratios (ratios of downstream to corresponding upstream scales) for 
a screen-contraction configuration are obtained in appendix B as 



The scale ratios obtained from equations (37) and (38) which do not 
require that the amplitude function G(k) of equation (3l) be specified 
are listed in table I for the case of isotropic turbulence at station A. 
Typical results are plotted in figure 7. 

The lateral scale ratio (see fig. 7(a)) approaches a constant value 
of approximately 4/3 for values of the speed ratio greater than 3- 

Measurements of the lateral correlation curve at a speed ratio near 
unity which are reported in reference 11 indicate that the lateral scale 
is substantially unchanged by damping screens . This is in qualitative 
agreement with the present result which indicates that for Z]_ slightly 
greater than unity the downstream lateral scale will not exceed the 


. P-1 -kn/n 

ror example, when Fy-(k-j_) = kj_ e , the correlation coeffi- 
cient is obtained by using equation (7) as 

where T designates the gamma 

function. For P = 1, B^r^ is always positive; for P > 1, R^r^) 
will take on negative values for particular values of r^. 


{Jj-j + r-j 2 ^ r(P) cos ( P tan" 1 nr 1 ) 
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corresponding upstream scale by more than about 20 percent. Taking the 
lateral scale ratio equal to 4/3 leads to the following convenient 
approximation for the lateral turbulence velocity ratio from 
equation (38) : 



For a given value of the screen pressure-drop coefficient UK, the 
longitudinal scale ratio (see fig. 7(b)) decreases with increasing speed 
ratio to a minimum value at - 27.4 (corresponding to Mg = 0.05, 

Mq = a/ 3) where the contraction parameter a^ has its ml mmum value. 

As shown in table I, the longitudinal scale ratio attains a zero value 
when the screen parameter = 0 (K ~ 2.76) . This and the occurrence 
of maximums in the downstream longitudinal spectrum curves at nonzero 
wave numbers suggest that the downstream longitudinal correlation coef- 
ficients are negative for extensive ranges of the separation distance 
r-^. Under these conditions interpretation of the conventionally defined 
scales as lengths characteristic of the average size of the turbulence 
eddies is open to question, and consideration of the correlation coeffi- 
cient curves is advisable. 

The correlation coefficients at station A for isotropic turbulence 
with the spectrum amplitude function G(k) given by equation (3l) are 
obtained from equation (7) as 



The contour integrations used to obtain equations (40) and (41) are not 
valid when ry « 0; hence the microscales Ay are evaluated from the 

integral relation of equation (9) . Such evaluations indicate that 
A a 

Ai = Ag =? 0, which is to be expected in view of the neglect of vis- 
cosity effects in the analysis. The longitudinal correlation coefficient 
curve of equation (40) iB plotted in figure 8(a) and is always positive; 
the lateral correlation coefficient curve of equation (41^ plotted in 
figure 8(b) reaches its zero value at r^n = 2 (r-^ s= 2L-/ i ) and its 

minimum value at r-j_n =3 (r^_ = 3L-^ ) . 

The downstream correlation coefficient curves (at station C) have 
been obtained numerically for the case N = 1 from the following 
rearrangement of equations (7) : 
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(42) 


(43) 


In evaluating equations (42) and (43), values of the integrand were 
obtained for k^/n ranging from 0 to 50; and for k^/n g 

F- 

50, in view of the asymptotic behavior of the functions — 

. F„ 

cos k^r-^ 

the integrand was approximated as 5 —. Typical downstream longi- 

(kj/n ) 2 

tudinal and lateral correlation coefficient curves (for the case 
Mg = 0-05, Me = 2.00, K = 2, N = l) are also plotted in figures 8 (a) 
and 8 (b) , respectively, to indicate the changes resulting from passage 
of initially isotropic turbulence through a given screen and contraction. 
Although the downstream lateral correlation coefficient is shown in fig- 
ure 8 (b) to reach slightly negative values, it is believed that these 
are the result of unavoidable "round-off" errors in computation of the 
Fourier transforms and that the coefficient is actually always positive, 
consistent with the corresponding spectrum curve of figure 6 (b) , which 
has its maximum value at zero wave number. 


•eater than 

c M ml 
A (0) 


The correlation between simultaneous fluctuation velocities at two 
points a distance r^ apart will decrease more rapidly with increasing 
values of r-^ when the eddies comprising the turbulent field are small 
than when the eddies are large. Figure 8 (a) thus indicates that the 
longitudinal scale of an initially isotropic field of turbulence is 
decreased by passage through the particular screen-contraction config- 
uration chosen. Figure 8 (b) indicates that the corresponding lateral 
scale is increased. 


In view of the negative values attained by the downstream longi- 
tudinal correlation coefficient, no physical meaning can be assigned to 
the longitudinal scale ratio defined in the conventional manner by 
equation (10) . For example, the longitudinal scale ratio reaches a zero 
value even though the longitu din al turbulence velocity ratios are finite 
when the screen pressure-drop coefficient NK has the value 2.76. The 
negative values attained by the upstream lateral correlation coefficient 
do not present a similar anomaly because of the relation between the 
longitudinal and lateral scales in the case of isotropic turbulence, 
namely, L-^ = 
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The difficulty is removed if an effective longit udina l scale Lq' 
is defined as the positive area under the corresponding correlation 
curve. Effective longitudinal scale ratios are plotted in figure 9 and 
show a qualitative similarity with the conventional ratios shown in fig- 
ure 7(b). For a given value of the screen pressure-drop coefficient 
NK, the effective scale ratio decreases with increasing speed ratio Zq 
to a minimum value at Zq = 27-4 for which the contraction par ame ter 

p 

&■ has its minimum value. For a given contraction the effective scale 
ratio reaches its minimum value when NK Z 2.76. 


ESTIMATION OF DECAY EFFECTS 


In view of the assumptions of inviscid flow and small fluctuation 
velocities relative to the main stream, the preceding analysis is 
strictly applicable only in the absence of the turbulent decay processes 
(viscous dissipation and turbulent mixing) • For many wind-tunnel con- 
figurations , effects of decay upon turbulence are of the same order of 
magnitude as the screen-contraction effects. Correction of the theo- 
retical turbulence velocity ratios may therefore prove necessary for 
practical applications of the theory. 


Selection of the appropriate decay correction presents certain 
difficulties inasmuch as there is a lack of experimental investigations 
of axisymmetric turbulence decay. Same guidance may be obtained from 
the theoretical studies of Batchelor (reference 4) and Chandrasekhar 
(reference 12) on axisymmetric turbulence. The time rates of change of 
the mean-square velocity components are, in the notation of reference 4: 


d 

dt 



- 4B1Q + 2v( - 10a - 2b - 2c - 14d) 


d 

dt 



21^ + 2v(- 10a + b - 3d) 


In these equations and in equations (44) and (45), the symbol v rep- 
resents the kinematic viscosity coefficient. The corresponding expres- 
sion for the mean-square resultant velocity is 


d 

dt 



+ Eug 2 ^ 


- 2v(30a + 2c + 20d) 


(44) 


For isotropic turbulence, c = d = 0 and equation (44) becomes 


A + Su/j . A (p Ul 2j = -2v(30a) 


(45) 
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The velocity components u-^ and of reference 4 are identical with 

q 2 and q 2 i n the present notation- The quantities a, b, c, and d 

in appropriate groupings represent the coefficients in the series expan- 
sions in r^ for the longitudinal and lateral velocity correlation 
coefficients. The quantity ihq depends on the two-point velocity- 
pressure correlation which tends to zero as isotropy is approached. For 
the decay of isotropic turbulence in a constant-area channel during the 
initial period wherein both inertia and viscous forces are of importance, 
equation (45) leads to the semiempirical relation (reference 13) 



where q 2 and q 2 represent the mean-square velocity components at 

any station downstream of the reference station A and t(7,) represents 
the appropriate decay time. 

The absence of the velocity-pressure correlation term idq in both 
equations (44) and (45) suggests that, provided the quantity (2c + 20d) 
is much smaller than the quantity 30a, equation (46) may yield a sat- 
isfactory approximation for the decay of the mean-square resultant tur- 
bulent velocity in axisymmetric turbulence. ' The data of references 1 
and 14 tend to support such an approximation ■ The assumption that the 
effects of the screen-contraction combination and the decay upon the 
turbulent velocity ratios proceed independently (see reference 3) leads 
to the relation 



where the subscript sc refers to the turbulence velocity ratios 
obtained in the absence of decay, computed from equations (25) and (26) 
and listed in table I, and the subscript scd implies that the effects 
of initial period decay have been included. In computing J from equa- 
tion (4=6) , the decay time t(Zq) is taken as the time required for a 
particle at local main-stream velocity to pass through the screens and 
the contraction starting from station A. This implies that the contrac- 
tion affects only the decay time. Some question exists as to the appli- 
cability of equation (46) and hence equation (47) for damping screens 
in which the wire diameters are usually very small. 
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A comparison of the theoretical mean-square resultant turbulence 
velocity ratio corrected for decay hy the use of equation (47) with the 
experimental ratios obtained from reference 1 is shown in figure 10. 

The mean-square resultant velocity in the absence of decay for the case 
of a single-screen-contraction configuration (lfc=l) is also included to 
show the magnitude of the correction involved for the configuration of 
reference 1. The -following data were used in applying the decay cor- 
rection: U A = 62.8 feet per second, J^(q^)^J ' ^ = 0.15 foot per sec- 

ond; and Lg-k = 0.05 foot (estimated). The screen pressure-drop coef- 
ficients were corrected as suggested in reference 14 


K= K e + 


U A dK e 
2 dU. 


where K e designates the screen pressure-drop coefficient measured at a 
given speed U A . Although the single experimental points obtained for 
each multiscreen arrangement do not check the decay correction as well 
as do those for the single-screen arrangement, the limited data do not 
warrant any refinement of the correction method for multiscreen- 
contraction configurations . 

In order to obtain the resolution of the resultant turbulence veloc- 
ity ratio into longitudinal and lateral components, some knowledge of 
the velocity-pressure correlation is required. As shown in reference 4 
the effect of this correlation as represented by the term idq is to 
transfer energy from the larger to the smaller of the velocity components, 
thus providing a drive towards isotropy. As shown in table I, the lon- 
gitudinal component will, in general, be much smaller than the lateral 
component so that adjustment of the longitudinal component is more crit- 
ical than adjustment of the lateral component. The magnitude of the 
longitudinal component is governed by two opposing effects- Turbulent 
decay processes reduce this component; the drive towards isotropy tends 
to increase it. In the absence of any quantitative knowledge concerning 
the velocity-pressure term idq, the simplest assumption to be made is 
that the longitudinal turbulence velocity ratio may be corrected for 
decay and isotropy drive by taking an average of the values for zero 
decay and isotropic decay or 



Consistent values of the lateral turbulence velocity ratio are then 
obtained from the longitudinal velocity ratio of equation (48) and the 
resultant velocity ratio of equation (47) . 
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The comparison shown in figure 11 provides some estimate as to the 
agreement that might he expected between the predicted turbulence- 
velocity-ratio components (corrected for decay) and the exper ime ntal 
values. The agreement shown is considered satisfactory for most engi- 
neering applications. The theoretical velocity ratios obtained in the 
absence of decay are included for the case N = 1 to indicate the 
magnitude of the correction. 

The turbulence scales are also affected by the turbulence decay 
process., tending to increase as the decay time is increased. Under the 
action of the viscous forces the smallest eddies are dissipated so that 
the average eddy size (scale) would be expected to increase. For 
isotropic turbulence, the change in scale dur ing the initial period 
analogous to the relation given for the fluctuation velocity, equa- 
tion (46), is 



Presumably the effect of decay upon the scales of turbulence could 
thus be obtained by a procedure similar to the one suggested for the 
fluctuation velocities. In the absence of any experimental data such 
development does not appear warranted- 


CONCLUDING REMARKS 

The present analysis treats, in the absence of turbulent decay 
processes, the combined effect of a series of identical damping screens 
followed by a stream convergence (or divergence) upon the mean -square 
fluctuation velocities, scales, correlation coefficients, and one- 
dimensional spectra of a field of turbulence convected by a main stream. 
Numerical results are presented for the case of upstream isotropic 
turbulence . 

The limited experimental data available confirm at least qualita- 
tively some of the theoretical results obtained such as the distortion 
of an initially isotropic field of turbulence by the damping screens and 
stream convergence into a field axdsymmetric about the main-stream 
direction with the lateral components of the resultant fluctuation veloc- 
ity larger in magnitude than the longitudinal component, and the relative 
insensitivity of the lateral scale of turbulence to damping-screen and 
stream-convergence effects. The beneficial effects of using several 
screens in series to attain a given over -all screen pressure-drop coef- 
ficient in attenuating the fluctuation velocities are also substantiated- 
This attenuation is accentuated as the screen coefficient NK is 
increased. 
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The theory predicts certain marked changes in the or dina tes of the 
downstream one -dimensional spectra and, in the case of the lo ng it udina l 
spectra, a noticeable distortion of shape which should be confirmable by 
experiment. The longitudinal downstream correlation coefficients attain 
negative values over a large range of the separation distance ro- 
under these conditions, the scales of turbulence as conventionally 
defined cannot be regarded as representative of the average eddy size. 
Accordingly, the longitud in al scales have been redefined. The effect 
of the damping screens and stream convergence is to decrease the lon- 
gitudinal scale and to increase the lateral scale. 

An approximate method of correcting the predicted turbulent fluc- 
tuation velocities for the effects of turbulent decay is presented. 
Tabulations of the fluctuation velocities over a wide range of conditions 
are provided for convenience in engineering applications. 


Lewis Flight Propulsion Laboratory 

National Advisory Committee for Aeronautics 
Cleveland, Ohio, October 28, 1952 
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APPEHDIX A 
SYMBOLS 


The 

A l,2 
• a2 

B l,2,3 

b 

C l,2,3 

D l,2,3 

a 

E l,2,3 

F r 

F i 

F 2,3 

f 

G(k) 

g 

H 


following symbols are used in this report: 
parameter group ing s defined after equation (27) 
auxiliary contraction parameter , a^ = l/l - e 
parameter group ing s defined after equation (28) 

solidity ratio of damping screen 

parameter groupings defined after equation (35) 

edge lengths of volume within which the turbulence field is 
defined 

wire diameter of damping screen 

parameter groupings defined after equation (36) 

F l> F 2* or F 3 

one -dimensional longitudinal spectral density (see equation (6)) 
one -dimensional lateral spectral densities (see equation (6)) 

auxiliary wave -number parameter, f = s/tj 2 + 4 J\i 

amplitude function in isotropic spectrum tensor (see equa- 
tions (4) and (31)) 

auxiliary wave -number parameter, g = s/£ 2 + 4a 2 /p 2 

constant appearing in amplitude function of special isotropic 
spectrum tensor, H = ^ {^q.± 2 ) A (see equation (31)) 


h 

i 


auxiliary wave -number parameter, h = 



s2 
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J 

K 


k 

k 


h 

V 

L 2* L 3 


*%,C 


N 

n 


P 

P 

Q 


turbulence decay factor (see equation (46)) 

Ap 

screen pressure-drop coefficient. Ks t o 

I pU 


amplitude of vector k: k 2 = kj_ 2 + kg 2 + k 3 2 


, or k^; wave -number vector 

Lpj L2^ or % 

longitudinal scale of turbulence (see equation (10)) 

effective . longitudinal scale of turbulence 

lateral scales of turbulence (see equation (10)) 

stream velocity at station C divided by stream velocity at 
station B (see equation (19)) 

stream breadth, at station C divided by stream breadth at sta- 
tion B (see equation (19)) 

stream height at station C divided by stream height at sta- 
tion B 

stream Mach number at station B, C 

mesh designation of damping screen (reciprocal of center -to- 
center distance between neighboring wires) 

number of screens in series (cascade) 

constant appearing in amplitude function of special isotropic 
spectral tensor, n = — — r- 

(V 


\ = h' *2 


constant 
static pressure 
Qy = Qy, Qg, Or 


V 


wave -amplitude vector 
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£ 

IV ( r l) 


iVbCe) 

r 

s 

t 

t(Zi) 

U 

u 


V, 




a 


r r5 (k) 


q^. = q_2 •> or QL3i turbulence -velocity-fluctuation vector 

correlation coefficient (see equation (7)) 

correlation tensor, R^g(r) = q^(x)qg(x+r ) 
r^ = r-j_, T 2 , or r^; separation vector 
wave -number parameter, s s + 1 

time 

decay time 

main-stream velocity 

longitudinal component of combined turbulent velocity fluctua- 
tions and potential -flow velocities induced by screen 

longitudinal root-mean-square turbulence velocity ratio (used 
in table I) 

lateral root-mean-square turbulence velocity ratio (used in 
table I) 

lateral components of combined turbulent velocity fluctuations 
and potential-flow velocities induced by screen 

Xy. = x^, Xg, or Xgj position vector 

tan 

screen deflection parameter, a = lim — : — 

tan tJt-, 



three -dimensional spectral tensor 

.2 2 . 2 . 2 _ 

4a cos 0 + v sin 0 

4 cos^ 0 + (i 2 sin^ 0 


A 
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e 

K 

K 

A 


Kronecker delta; & r g = 1 for r = 5 and 8 r& = 0 for y £ & 
axisymmetric contraction parameter , g = 

k 2 2 + k 3 2 

p u 2 

auxiliary screen parameter, rp S — -k 

p 2 - 4 

polar angle (see appendix B) 

amplitude of vector K_; K 2 = K^ 2 + K 2 2 + K 3 2 

K = k 2 -> or K 3 : wave-number vector at station C 

4 a 2 k 1 2 +v 2 ^ 2 

5 5— =- (see equation (22a)) 

4 k^ + 


*1 

A 2,3 

P 

V 

£ 2 

P 

2 


A-l# A 2 j 01 * ^3 

longitudinal microscale of turbulence (see equation (9)) 
lateral microscales of turbulence (see equation ( 9 )) 

auxiliary screen parameter, p = 1 + a + K 
auxiliary screen parameter, v = 1 + a - txK 

o u 2 

auxiliary screen parameter, |2 = _ Y , 

V 2 _ 4 a 2 

stream density 
( -a 2 p 2 ) k x 2 

5 5—5- (see equation (22b)) 

4k! 2 + p 2 £ 2 

main-stream density at station C divided by main-stream density 
at station B 

volume 
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cp azimuth angle (see appendix B) 

Xy = Xi> X£^ or X 3 ; position vector (see equation (12)) 
angle to screen norma], of flow incidence upstream of screen 
i]r ? angle to screen norma], of flow emergence downstream of screen 


Q 


k-j^l-e) 2 £ 2 - 2k 1 2 (l-e)(ek 1 2 +^ 2 ) 

( £ kq 2 +^ 2 ) 2 


(see equation (22d)) 


cd (ry = or <d 3 ; vorticity vector 

Superscripts : 

A station upstream of screens 

B station downstream of screens and upstream of contraction 

C station downstream of contraction 

* complex conjugate 

Subscripts : 

A station upstream of screens 

B station downstream of screens and upstream of contraction 

C station downstream of contraction 

N number of like screens in series 

sc only effects of screens and contraction present 

scd effects of screen and contraction corrected for initial period 

of decay 

1 longit udina l component 

2 , 3 lateral components 
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APPENDIX B 


TURBULENCE VELOCITY AND SCALE RATIOS 
Velocity ratios . - Using spherical polar coordinates 

k]_ = k cos 0 


kg = k sin 0 cos cp 
kj = k sin 9 sin cp 
k 2 = k-, 2 + k-? 2 + k* 2 


equations (23) and (24) may "be put in the form 


[ p *1 in K Kr 

r-n (K) - r 

. -U- -J N L ± 


l 2 k^G(k) A N sin 2 Q 


(e cos 2 9 + sin 2 0) 2 


[7, C, , r C, 71 2|7 C, , p C, n llG(k) (v 2 -^ 2 ^ 2 ) k 2 A®' 1 e 2 sin 2 0 cos 2 0 

F 22 (K.) + r 33 (K) L “ a £22 00 + r 33 (*LL , + 5 ~ T 7 ? (®2) 

^ (4 cos 2 0 + ji 2 sin 2 0)(c cos 2 0 + sin 2 0) 


where A = 


4a, 2 cos 2 0 + V 2 sin 2 0 
4 cos 2 0 + p 2 sin 2 0 


The downstream mean-square fluctuation velocities are given hy 


W 2 f =Jjf v rr C W dK i iK 2 dl % 


analogous to equation (5). Inasmuch as the function G(k) appears in 
the expressions for the energy spectral densities, the variable of inte- 
gration will be changed from K, to k so that 

qy 2 s — jj jr yy(k) dkqdkgdkj. Noting that 


i ' 2_ l ’2 — <» 


dk^dkgdkj = k^sin 0 d0 dcp dk, the downstream mean-square velocity compo- 
qents of the turbulent field are obtained from equations (Bl) and (B2) as 
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J^4G(k) ak 



A N sin 3 0 ae 

* 

(e cos^ 0 + sin^ 0 ) 


and, inasmuch as "the downstream, turbulence tri.ll be axisymmetric when 
the upstream turbulence is isotropic. 


m' - os# - - (sl * * r *. r 

yJO 


The mean-sq uar e velocity components of the upstream isotropic turbulence 
are obtained by using equation (4) as 


(ll 2 ) = (l2 2 ) = (l3 2 ) = X” k 4 G(k) dk j£ dc P X sin30 d0 = Tf Jo k 4 G(k) dk 


The turbulence velocity ratio or ratio of mean-square fluctuation 
velocities downstream of a series of N identical screens followed by 
an axisymmetric contraction to the corresponding upstream fluctuation 
velocities is then given for the longitudinal and lateral components, 
respectively, by 

PS 

(Pf 


( q 2 )h X )h n ^2 X 2 )g-l 5(a 2 -l) 2 (v 2 -q 2 |i 2 ) P A 1 *' 1 sin 5 9 coa 2 8 d8 (B4) 

^2^/ l^j A i^) A 8i 2 2 J o (4 cos 2 &+ 1 i 2 sin 2 0)(a 2 -co B 2 8) 2 



A® sin v 


9 d 9 


(a^ - cos2 0)' 


(B3) 


where 



The new contraction parameter 


is introduced for 


convenience in subsequent calculations. It may be noted that the veloc- 
ity ratios are independent of the amplitude function G(k) which appears 
in both the isotropic and axisymmetric spectral tensors. Equations (B3) 
and (B4) appear in the text as equations (25) and (26) , respectively. 
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Turbulence scale ratios . - The turbulence scales may be obtained 
from the energy spectral densities as indicated by equations (6) and 
(10). Compatible with the formulation 

(Vf = rr° ( ^ 

—00 


the longitudinal scale at station C is 


00 



or, applying equation (24), 



dk2dk3 


The longitudinal scale at station A is 



The ratio of longitudinal scale downstream of a series of N identical 
screens followed by an axisymmetric contraction to the corresponding 
upstream scale or longitudinal scale ratio is thus . 
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The correspon ding ratio for the lateral scales is obtained in 
manner as 


s 

(L2) A 




similar 


(B6) 


These relations for the scale ratios do not require that the upstream 
turbulence be isotropic. Equations (B5) and (B6) appear in the text as 
equations (37) and (38), respectively. 
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APPENDIX C 

ONE -DIMENSIONAL SPECTRA 

With, the use of equations (4) and (3l) , equations (29) can "be written 


Fi A = 4*H 




JO 


(isij 2 + n 2 + £ 2 ) 


E 2 A = E 3 A = 2rtH 


r c ° (2k 1 2 


+ t 2 )Z a? 


J (hq 2 + n.2 + £2)' 


Integration yields, after use of equation (32), 


w A _ 

F 1 ~ — 
n s 


(Cl) 


FoA - f-A - bH(3s-2) 

u D o o 


2n 2 s 2 


(C2) 


Equations (33) and (34) follow -upon dividing equations (Cl) and (C2) ty 

^kj/n-O md reSpe ° tlTely - 

With use of equations (4) and (Bl) and (B2) of appendix B, equa- 
tions (30) can be written 


( F c) 

•• • L / N I x 


4itH a 
2 


(4u 2 k 1 2 + 1,2 ? 2 ) H (*l 2 + t 2 )Vd5 


'0 


(4A 1 2 - H x 2 ^ 2 ) N (k 1 2 + n 2 + ^ 2 ) 3 [a 2 (k 1 2 +^ 2 ) - kl 2 ] 2 


(C3) 
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(f c ) a 2 {F c ) + j (A 2 ^ (^l 2 -^ 2 ) k i 2 ^ 

Wh w„. J2 3 j o (^ W 5 h^ W )=|; 8 ^ . 


(C4) 


For the case of a single-scr een-axi symmetric -contract ion configuration, 
integration of equations (C3) and (C4) yields equations (35) and (36) of 
the text, respectively. For the case H = 1, the quantity (Fg®)^ ^ 

designates the one-dimensional lateral spectrum downstream of an axiBym- 
metric contraction in the absence of damping screens and may "be obtained 
from reference 3. 
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TABUS I. - Continued. TORBULIHCE VELOCITY AMD 3CAIZ RATIOS 
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583033 

4.3 82 63 9 

2J09437 

.2 0 81 

24)791 

17 84 97 

1-3310 

.4 0 

.4 0 

340 

6.7 2 4 

.069141 

3 J 1 0 6 7 8 

3J30166 

.3639 

1.9775 

143335 

13311 

.6 0 

JO 

3 4 0 

6-7 2 4 

-058072 

3 J 3 7 0 9 8 

2J3 7 7 4 2 3 

J 4 10 

18007 

113661 

13311 

1-0 0 

UO 

.340 

6.7 2 4 

.041873 

3589922 

1940572 

5046 

17000 

4)6 04 48 

13311 

UO 

UO 

340 

6.7 3 4 

529553 

a3l3138 

1551376 

1719 

1-5*2 0 6 

.031164 

1.3 311 

3.0 0 

84) 0 

340 

6.7 2 4 

4)38 3 31 

1-926 753 

U 9 194 6 

14 94 

13 0 81 

4)099 00 

13311 

3-50 

BJ 0 

.340 

6.7 3 4 

4)17778 

1651479 

IS 06912 

1333 

1-2 8 51 

4)01037 

1-3311 

3.7 6 

a? 6 

J340 

617 3 4 

.016055 

U 3 7 2 7 0 

1030198 

1267 

12399 

4)0 0000 

1-3 313 

3.0 0 

34)0 

.3 4 0 

6-7 3 4 

.014737 

U 45 02 5 

.968262 

1314 

U 0 31 

.0a0735 

13313 

3-50 

3J0 

340 

6.7 2 4 

4)13 6 06 

U84 45 0 

560503 

1133 

11333 

.006118 

1-3 312 

4.0 0 

44) 0 

.340 

6.7 2 4 

.0110 52 

U55 991 

.774345 

1051 

10752 

4)1 5019 

1-3 312 

4 JO 

450 

340 

6.7 2 4 

.00988 0 

U SO 08 8 

.703885 

.0994 

10251 

4)35864 

1-3312 

64)0 

64) 0 

.340 

5.7 2 4 

.0076 57 

.8 25 67 2 

553000 

5075 

JO 87 

4)6 1121 

1-3312 

104)0 

104)0 

340 

6.7 2 4 

4)05190 

535394 

351993 

.0 73 0 

.72 4 8 

130743 

1-3313 
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TABLE I. - Continued. TDRBUIZSCE VELOCITT AMD 3CAI2 RATIOS 


MS T ,.MS 


Mb - 0.05 




■ 

K 

MX 

*c 

*1 

V 

V 




MS 

M* 


2 

3 

3 

3 

2 

2 

2 

0.20 
.40 
.60 
LOO 
L50 
3.0 0 
3.0 0 

0-4 0 
DO 
IDO 
2D 0 
3D 0 
ADO 
6D0 

0.0 2 3 
.0 2 3 
D 23 
.0 2 3 
D 33 
.0 2 3 
D 2 3 

a4 64 
.4 6 4 
0-4 64 
0.4 6 4 
0-4 64 
0.4 6 4 
0.4 6 4 

0.7 8 55 4 5 
J71594 
178021 
D44 058 
310725 
304726 
302293 

0/18041 
-4 19 605 
D 98374 
167113 
396034 
363441 
334306 
Dll 17 7 

0/73075 
.403602 
358857 
J.8 6094 
.067597 
343870 
D 3 3 6 3 5 
DO 7 9 5 0 

OD 0 6 3 
.6 09 6 
.4 319 
D 099 
1036 
D 687 
D 4 79 

.. ,.0 38.7- 

0.7 8 6 2 
D478 
D4 62 

AO08 
J0P9 
D 51 9 
1052 

- 

2D 5 2732 
2D 0 79 57 
2123131 
U769190 
.7504 54 
399721 
D00473 

OD 14 9 
.74 13 
D 5 2 9 
UO 16 5 
UL 3 3 3 
U1903 
U8308 

-gm- 

ID 042 
UO 5 7 4 
U1313 
U18 69 
U2196 
ID 5 41 

2 

2 

2 

2 

2 

3 

030 
.40 
.6 0 
1.0 0 
l.SO 
3150 
3D0 

0-40 
D 0 
ID 0 
2D 0 
3D 0 
4.0 0 
6D0 

6D4 0 
DAO 
DAO 
DAO 
DAO 
DAO 
DAO 

08 0 0 
.800 
0800 
08 0 0 
08 00 
080 0 
0800 

OD 8 5 9 0 5 
D94319 
150619 
342685 
311303 
D04366 
301534 

OD 9 8 9 2 1 
D 3 3 81 2 
.4 14 74 7 
358771 
157691 
106705 
D 5 0 3 7 4 
318756 

OD 6 £ 2 3 9 
.453981 
326704 
1.86743 
109038 
372592 
.039437 

6.7 <£ 5 4 
.5435 
3801 
D 0 6 6 
1063 
0661 
D 392 

. - .0-292 

OD 3 60 
.730 6 
.64 4 0 
.50 8 7 
D974 
1367 
3416 

_.137Q_ 

U066106 
384000 
.614835 
D39743 
.03 6340 
DO 02 3 8 

,.7?7jli 

T 

2 

3 

2 

2 

2 

3 

-m- 

A 0 
-60 
ID 0 
U30 
3.00 
3D 0 

1 83'5 

D 0 
1-2 0 
2D 0 

3.0 0 

4.0 0 
6D0 

duo 60 
D 6 0 
D 6 0 
D 6 0 
D 6 0 
D 6 0 
D 6 0 

0U30 0 
ID 0 0 
U20 0 
ID 0 0 
U20 0 
ID 0 0 
US 0 0 

0-4 S 4 8 8 8 
JJ 47360 
130372 
D 4 7 6 5 5 
315075 
306911 
302305 

6d 6 6 7 4 1 
D 9 3 1 5 7 
D56 94 4 
362462 
337306 
155745 
D66 250 
327762 

0.7 8 9 3 5 7 
/4 4S34 
.417387 
D 5 7 5 8 7 
1.56830 
1.06134 
350362 
_^0 U87_9 7 

0.6 74 5 
.4 973 
3718 
D103 
1260 
D831 
D 4 70 
■0?94 

0D3 i 0 
332 6 
.74 6 3 
/030 
.47 6 8 
J946 
3937 
1 

OD 8 5 6 51 
/64129 
-447473 
34 4813 
375862 
310207 
300071 

U1593 
U1804 
1D107 
ID 359 
ID 5 2 6 
ID 7 2 3 
13907 

3 

a 

2 

2 

2 

3 

0-2 6 
-40 
DO 
LOO 
IDO 
3D 0 
3.0 0 

0-4 0 
DO 
UJO 
2.0 0 
3D 0 
ADO 
400 

OJLOO 

.100 

100 

4.00 

100 

100 

100 

0 2D 0 O 
2D 0 0 
2D 0 0 
2D 0 0 
2D 0 0 
3D 0 0 
2D 0 0 

0.3 017 4 3 
J.86332 
•J. 14 6 37 
.049364 
331045 
310767 
304030 

1364526 
uo 4 7 4 4 4 
354219 
567447 
■3 6155 9 
D 501 91 
140033 
.045417 

OD 5 6 9 3/ 
.760403 
/0768G 
394819 
D46055 
1.70383 
394695 
.030606 

03493 

.4 317 
3306 
J8826 
1451 
1030 
.0 6 34 

•93*4 

^13X4 
U0234 
D 2 42 
.7533 
DO 13 
D 0 0 2 
J742 

017 2 5 0 6 
36 9852 
194569 
38 4046 
D 3 06 3 3 
.00 2362 
300015 
_1137 52 

ID 7 3 8 
ID 777 
ID 6 4 0 
ID 9 0 0 
ID 9 4 6 
U3011 
4-^099 

2 

3 

2 

2 

2 

2 

0-2 0 
.4 0 
DO 
IDO 
IDO 
3D 0 
3D 0 

OA 0 
DO 
US 0 
2D 0 
3D 0 
ADO 
6D0 

0140 
140 
14 0 
140 
140 
140 
140 

02.7 95 
2.7 95 
2.795 
2.7 9 5 
2.795 
2.7 9 S 
2.7 9 5 

oj&iJ 6l§ 

.13 8113 
D91947 
D44314 
D209T4 
311600 
D 0 4 7 3-3 

U7 3 6 3 0 5 

U4 2 0 2 8 2 
U16 0 994 
.774017 
.494 807 
34322 9 
198720 
.062744 

U &29408 

.99 389 3 
.804645 
D30783 
336862 
D3268 6 
1.30063 
342190 

0.* 6 3 3 
3716 
3032 
3105 
1448 
1077 
.0 688 
-93 

±3 1 7 9 

11918 
U0775 
3798 
.70 3 4 
D859 
-4390 

Al 9$- 

0367764 
106093 
133993 
348510 
310503 
.001131 
DO 0006 

— Aj-ifll? 

IDO 6 4 
U3076 
IDO 0 6 
ID 10 3 
ID 121 
ID 13 6 
ID 15 9 

44344 

-1H 

2 

2 

2 

2 

3 

3 

-ffih 

A 0 
DO 
IDO 
IDO 
3D0 
3D 0 

5 A O 
DO 
U3 0 
2D 0 
3D 0 
ADO 
6.0 0 

0.18 6 
180 
180 
.180 
100 
100 
180 

03-5 8 9 
3-5 0 9 
3D 89 
3-5 89 
3389 
3D 89 
3D 89 
3D 8 9 

6j.2o583 
107109 
.073 890 
D37837 
319006 
D109 08 
.004 74 5 
.001094 

3193537 

U7 9 4 9 0 5 
U4 68 0 01 
D79 54 7 
/26741 
.435 0 56 
244550 
D79 74 8 

U5i33o6 

ID 3 8 3 3 3 
ID 0 3 8 9 7 
D6564 4 
-424163 
393700 
1.64615 
.053530 

Ol 0 0 7 
3274 
3710 
1945 
1379 
1048 
3609 
3??1 

14 81JU 
U3397 
1D116 
D 8 9 7 
.7 917 
D 5 9 6 
.4 94 5 

Aiii- 

OD 1 7 0 So 
145422 
.0 9 3577 
D 3 4 4 57 
307063 
300717 
300004 
D 3 1778 

U3202 
U3305 
ID 211 
ID 217 
ID 2 2 3 
ID 8 3 2 

r±2%lr 

2 

2 

3 

2 

3 

2 

3 

olao 

-40 
DO 
IDO 
IDO 
2D0 
3.0 0 

0-40 
DO 
U20 
2D 0 
3D 0 
4D0 
6D0 

0340 

>540 

340 

DAO 

DAO 

340 

DAO 

340 

0 6.7 2 4 
6.7 2 4 
6.7 24 
6.7 24 
6.7 3 4 
6.7 2 4 
6.7 2 4 

0.069102 
.049196 
.035933 
320270 
311181 
.00694 5 
303310 
.000039 

3D 1 1 1 7 0 
3D 0 1 2 1 6 
2/10021 
U748177 
1119031 
.777005 
-437090 
142708 

2.6 3 0 5 0 7 

81.50543 
U7 5 7 0 5 0 
U173308 
.749748 
D20371 
192499 

03 6 3 0 
D218 
1896 
1434 
1057 
3033 
D576 
yOggg. 

ID 777 
U7092 
1D1B3 
U3322 
UO 5 7 8 
3015 
.6 611 
■v3.77.g- 

6 J. 4 3 5 3 9 
D90273 
354024 
318325 
303430 
D00323 
DO 0 0 0 2 

D11807__ 

ID 311 
1D311 
ID 311 
ID 311 
ID 312 
ID 313 
ID 313 
42 -2&4L 

2 

2 

3 

8 

3 

2 

3 

_ 2 _ 

03 0 
-40 
DO 
IDO 
IDO 
2D 0 
3.0 0 

0.4 0 
DO 
IDO 
2D O 
3D 0 
ADO 
0400 

300 

300 

300 

300 

300 

300 

300 

.300 

09.7 61 
9.7 61 
9.7 61 
9.7 61 
9.7 61 
9.7 61 
9.7 61 
9.7 61 

0.0 3 9 4 7 6 
320735 
321421 
D12409 
D 07 1 0 7 
D04523 
303241 
30049.6 

5/15313 
4350530 
3/59077 
2375 07 9 
1/20870 
UO 5 6 15 5 
D94 082 
,L9J?gJ?7 

3D5 6 7 01 
2.909931 
2379856 
U508O8 2 
1316202 
.705611 
396803 

1. 2 95 ? 0 

01987 
1695 
1464 
1110 
D 843 
3673 
.0 473 

23050 
13866 
U5414 
1D332 
UO 2 7 7 
.770 0 

Oil 9374 
D 7 3 3 4 4 
DA 3641 
31 4114 
302561 
D00236 
D00001 
^££7082 

ID 3 3 5 
U3325 
ID 3 8 5 
1D38S 
1D326 
ID 3 26 
-f 3333 

2 

8 

2 

a 

3 

8 

0J8O 
.4 0 
DO 
LOO 
IDO 
2-00 
3D0 

OAC 
DO 
IDO 
2D 0 
3D 0 
ADO 
6D0 

ID 0 0 
ID 00 
ID 0 0 
ID 00 
ID 00 
1.0 00 
ID 0 0 

18D62 
10362 
10562 
18D62 
18D 6 2 
10262 
10263 

0.<5i4ib3 

.010514 
.007999 
.00 4 815 
.002023 
.001038 
.000943 
.000265 

7.1 1 8 3 2 0 
5326291 
4J66372 
31.01 82 7 
2D36 78 7 
U4 14 43 4 
.795618 
D 5 9 7 9 2 

4J7 5 0 8 4 8 
3D 0 7 6 9 9 
31.8034 8 
21.22823 
13 5 8 7 9 9 
34 3569 
D30736 

alien 

1025 
D 8 9 4 
3694 
.0531 
3429 
3307 
..0163 

3/680 
8-4 13 0 
81839 
U7 83 8 
U4872 
U1893 
3980 

D57871 

.033391 

.010460 

.001848 

300166 

D00001 

305060 

ID 3 32 
ID 3 3 2 
ID 3 3 2 
1D332 
ID 3 3 2 
ID 3 3 8 
JL3332_ 

-r~ 

2 

2 

2 

8 

3 

2 

3 

“&30— 
.4 0 
DO 
UOO 
IDO 
2D 0 
3D 0 

0.4 0 
D 0 
IDO 
2D 0 
3D 0 
ADO 
6D0 

1-50 0 

us 0 0 

US 0 0 
U500 
US 0 0 
US 0 0 
US 0 0 
1300 

Tiff 6 

3A920 
3 4.9 2 0 

2 4.9 2 0 

3 4^20 
84.920 
3 ADS 0 
SAD 2 0 

0.0 0 8 0 27 
D06016 
.004590 
.008787 
.001644 
.001076 
.00 0 5 56 
D 0 0 1 5 9 

6D S 1 84 8 
4DS3 391 
44332273 
2.7 0 5 1 3 6 
U7 3 1 6 3 5 
ID 0 2 5 2 4 
/76417 
D 2 0 87 1 — 

330 4866 
2.7 0 3 0 4 0 
U804346 
U1S 4971 
DO 2 04 1 
.451130 

m Xi 7,?Q 9 

03096 
.0 77 6 
D 67 8 
3528 
3406 
D 3 2 0 
D 836 

^9-136 

2.4 6 0 1 
2D 2 5 6 
2D 13 0 
1D447 
U3159 
UO 9 6 6 
3224 

DTO-O- 

OD 9 0 0 8 9 
D 5 37 50 
D31196 
D 0 97 0 5 
.00 16 98 
300152 
DO 0 0 0 1 
.0 g 4 5 5 g 

ID 3 3 8 
ID 3 33 
ID 3 3 8 
ID 3 3 8 
ID 3 3 8 
ID 3 3 3 
ID 3 3 8 
4431a 

2 

2 

2 

8 

2 

2 

2 

2 

036 

.4 0 
DO 
LOO 
IDO 
3D0 
3.0 0 

<5Xo 
DO 
IDO 
2D 0 
3.0 0 
ADO 
6D0 

£ooo 
2D 0 0 
2D 0 0 
2D 0 0 
2D 0 0 
2D 00 
2D 00 

891833 
39332 
2 9.8 2 2 
2 9.0 2 2 
8 9.8 3 3 
393 3 8 
39.8 32 

OD 0 5 60 4 
.004 2 00 
303310 
.0019 4 6 
.001148 
.000751 
.000388 
D00111 

4316065 
3.4 5 2 4 S 4 
2D24 38 5 
U885 441 
1D06 92 9 
D3814 5 
.471455 
.15 3 94 4 

ieissis 

2303036 
U883994 
IDS 7 6 0 9 
,805002 
.55 9 01 4 
314433 
102666 

9.0 7 4 9 
.0 64 8 
.0 5 67 
3441 
.0 339 
D 8 7 4 
.0197 

,-9^9 5 

0 

U8881 
U6806 
U3731 
UO 9 8 6 
D IS 5 
/ 0 6 6 

D53758 
.031202 
309707 
D01699 
300152 
DO 000 1 
vgg 

ID 3 3 8 
ID 3 3 2 
ID 3 3 8 
ID 3 3 2 
ID 3 3 8 
ID 3 3 2 
2 2 ?- 

“3" 

2 

2 

2 

3 

2 

a 

3 

06 
-40 
DO 
IDO 
IDO 
2.00 
3D 0 

DO 
IDO 
2D 0 
3D 0 
ADO 
6.0 0 
1 2D 0 

3do6 
3D 0 0 
3D 00 

3.000 

3.0 0 0 
3.0 00 
3.0 0 0 
3.0 0 0 

-fkSTZ- 

35 D 66 
5 5366 
35366 
35366 
3 5D66 
3SD 6 6 
35366 

O. 6636 I 8 
.002690 
302044 
D01 229 
DO 0 7 19 
.000468 
D 0 0 2 4 0 
D 0 0 0 6 7 

1375 906 
U12S 601 
.751403 
.480996 
334025 
10700 9 
D613S1 

118167 
.751083 
D01345 
320904 
D 2 2 8 4 0 
125339 
.<?< 

6.0 6 01 
.0519 
3452 
D 35 1 
.0 260 
.0 216 
.0155 
.00 02 

ID 9 6 5^ 
117 3 0 
ID 60 9 
3668 
D 9 3 5 
.5779 
A33 5 
D 4 7 7 

0.0 9 6 6 4 8 
358046 
D33B77 
310629 
DO 1875 
D00169 
300001 

ID 3 31 
ID 3 31 
ID 3 31 
ID 3 31 
ID 3 31 
ID 3 31 
1D331 

44444 - 

“2T 

2 

2 

2 

2 

2 

2 

05 

.4 0 
DO 
IDO 
IDO 
2D 0 
3.00 

04 0 
DO 
IDO 
2.0 0 
3D 0 
ADO 
6D0 

5,o60 
5D0 0 

5.000 
5D0 0 

5.0 0 0 
5.0 0 0 
5.0 0 0 

4 0335 
40335 
4 0335 
408 35 
40835 
40835 
40335 

0.0 0 2 in a 

301623 
D01209 
.000704 
.0004 00 
.000254 
.000126 
.0 0 0 0.23 

6 D e 4 0 7 5 

D 3 3 1 7 1 
190752 
127337 
381512 
-D 5 6 6 0 5 
.031840 
310397 

01 9 0 6 6 3 
15598 8 
127571 
385126 
354475 
D37823 
321269 
.<? Q <5 9 4 f»_ 

ao4 7 2 
.04 03 
.0340 
3265 
.030 0 
D1S9 
.0113 

..0Q5-? 

OD 3 3 V 
-4829 
4360 
J568 
3055 
D 37 9 
1704 

OJ.3 0 61 8 
374199 
D 4 4 1 97 
314318 
.002603 
300240 
-DO 0001 

ID 3 8 5 
U33 8 5 
ID 3 3 5 
ID 3 8 5 
ID 3 2 5 
ID 3 8 5 

-f- 

3 

2 

2 

2 

3 

2 

3 

06 
A 0 
DO 
IDO 
IDO 
2D 0 
3D0 
400 

DO 
IDO 
2D 0 
3D 0 
4D0 
6D 0 
1 2D 0 

7.‘fi 00 
7.0 00 
7.0 00 
7.0 00 
7.0 0 0 
7D0 0 
7D0 0 
7D0 0 

11 
42/11 
48D11 
42D11 
4 2-6 11 
40611 
4 2311 
42/11 

O. 6 OI 6 08 
.0 01132 
DOO03O 
.000456 
DO 0 24 8 
.000153 
•000072 
.000018 

OD 68 56 A 
D 5 6 0 7 2 
.045870 
330620 
D 19 60 0 
313610 
DOT 655 
D 0 3 4 9 9 

(Xu 4 62 o 8 
D 3 77 5 9 
D30654 
320565 
313149 
D 0 9 1 2 4 
DO 512 7 
D01672 

od4o1 

.0 337 
.0 2 86 
D 31 4 
3150 
.0124 
3085 
.00 4 2 

0D61V 

3368 

3142 

1750 

1400 

1167 

3875 

3500 

&I 53816 
D97668 
359825 
.080278 
DO3047 
D 0 0 3 67 
300002 
313046 

ID 3 01 
ID 3 0 8 
ID 3 0 3 
ID 3 0 3 
ID 3 0 4 
ID 3 0 5 
ID 3 0 7 
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TABLE I. - Concluded. TUHBULENCK VELOCITY AND SCALE RATIOS 

Ti ' pr "*' 0 ; 05 
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Station Station 

A B Station 



Figure 1. - Configuration treated In analysis. 
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Figure 2. - Action of damping screen on components of combined, turbulent and 

Induced velocities at screen. 










Speed ratio, ^ 

(b) Lateral turbulence velocity. 

Figure 4. - Concluded. Variation of root-msan-aqusre turbulence velocity ratio with speed ratio (Hg of 0.05) and acreen pressure 
drop ooeffioient- K In absence of turbulenoe decay for slngle-eoreen-arlBycmetrio-oontraotlon configurations with upstreae Iso- 
tropic turbulenoe. 


Root -moan-square longitudinal turbulence Tolooity ratio 



Figure S. - Effect of multiple screens H and speed ratio (M 3 of 0.06) on root-*ean-equare turbulenoe voioolty ratio in absanoe 
of turbulenoe deoay for Boreen-axlaynmetrlo-oontraotion configurations with upstreau inotropla turbulence and constant screen 
losses. Over-all screen pressure-drop coefficient, HK, 6 . 
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Root -me an- square lateral turbulence velocity ratio 
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One-dimensional longitudinal spectral density ratio 
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MCA OUST 2878 



Figure 6, - Comparison of one -dimensional spectra in absence of turbulence decay for contraction 
and for single-screen-contraction configurations for upstream isotropic ‘turbulence having 
amplitude function G(k) ■= H(k^ + n^) -3 . Mg, 0.05; M c , 2.00; 29.822. 




One -dimensional lateral spectral density ratio 
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(b) Lateral spectra. 

Figure 6. - Concluded. Comparison of one-dimensional spectra in absence of turbulence decay for contraction 
pnd for s ingle- screen- contraction configurations for upstream isotropic turbulence having Amplitude func- 
tion G(k) = flCk 2 + n 2 )“ 5 . 1%, 0.05; 2.00; l l9 29.822. 




Figure 7. - Variation of scale 

ficient K In absence of tu: 
tions with upstream lootropl 
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(b) Longitudinal scale ratio- Longitudinal scale ratio equals zero for K * 2.76. 

Figure 7. - Concluded. Variation of scale ratio vith speed ratio (Mg of 0.05) and screen pressure- 
drop coefficient K in absence of turbulence decay for single- screen-axtsymmetric-contraction 
configurations with upstream isotropic turbulence. 
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. Separation parameter, r^n 
(a) Longitudinal correlation coefficients. 


Figure 8. - Comparison of correlation coefficients in absence of decay for a 
screen-contraction configuration (Mg = 0.05, Mq = 2.00, K = 2, N = l) with 

upstream isotropic turbulence having amplitude function G(k) = H(k 2 +, n 2 ) -3 . 
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Figure 9. - Variation of effeotive longitudinal ooale ratio In abaenoe of turbulenaa daoay with apaad ratio (% of 0.08) and Bcrean 
pressure-drop ooafflalant K for aingla-Boraan-axisymetrlo-contraatlon oonf iguratlon with upetreaa isotropic turbulanoa having 
amplitude function Q(k) ° Hjlc 2 +■ n 2 )" 3 . 
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Figure 11. - Conpariaoo of theoretical root -naan- square longitudinal and lateral turbulanoa velocity ration corrected for decay with 
gx p ar imaa t of reference 1. Spend ratio Z L , 6.7 (Z% - 0.05, )% - 0.54)} F aoreena in aeries} upstretm isotropic turbulence} 

seal* Lg A , 0.03 foot (estimated). 





